In order to evaluate the arthropathogenic properties of some antibacterial agents, groups of juvenile Beagle dogs received orally either 500 mg/kg of oxolinic acid, 100 mg/kg of oxolinic acid or 500 mg/kg of pipernidic acid. Arthropathic lesions were characterized by articular cartilage vesiculations and erosions which developed in the treated groups. The severity of cartilage damage was graded in each articular surface and an arthropathic index for each group was calculated from these severity scores. The results concerning the evaluation of. lesion incidence and severity demonstrated that the toxic effect of oxolinic acid o n articular cartilage was dose dependent and that pipemidic acid had a greater arthropathic potential than oxolinic acid.
INTRODUCTION
More than one alkylpyridone carboxylic acid antibacterial agent can induce arthropathy in juvenile dogs (1, 2, 3 ). An evaluation of these closely related analogs, such as nalidixic, oxolinic and pipemidic acids and more recently cinoxacin, has been hindered by the absence of a suitable method to interpret articular cartilage alterations. An analysis of lesion incidence by itself does not completely delineate the degree of damage in individual joint surfaces. In a comparative toxicologic study of oxolinic and pipemidic acids in immature Beagles (I), we described a semiquantitative method that was devised to express the severity of articular cartilage lesions, thereby enabling both severity and incidence to be compared between compounds. The clinicopathologic data of this study has already been published and the objectives of this report were confined to detailing the design aimed to the practical use of the 'arthropathic index', elicited by this method.
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MATERIALS AND METHODS
Three month old Beagle dogs were divided into 4 groups, each of 2 males and 2 females. Three groups received oxolinic acid daily at dose levels of 500 and 100 mg/kg or pipemidic acid at a dose level of 500 mg/kg/day. The last group served as untreated controls. The animals were sacrificed by barbiturate overdose after 14 consecutive days of treatment and gross observations pertaining specifically to the major diarthrodial joints were recorded. Tissue sections of articular cartilage, subchondral epiphyseal bone and synovial membranes were taken from the carpal, humeroradial, tarsal, scapulohumeral, coxofemoral and femorotibial joints. Following formalinfixation, decalcification and embedding, tissues were cut at 5 microns, stained with H&E and examined by light microscopy. , Articular lesion severity was graded 0 to 4 utilizing the following as an established pathologic criteria described previously (1) . Briefly, a value of 0 indicated no lesions detected; grade 1, a single small 1-3 mm vesicle in the articular surface which microscopically consisted of a small cavitation surrounded by rarefied matrix with prominence of collagen
Figs. 1 -4-Group incidence of microscopic arthropathic lesions.
fibrillation and chondrocyte clusters or nests. Grade 2 consisted of 1-2 small vesicles or a single bulla more than 3 mm in diameter, and grade 3 more than 2 vesicles or bullae histologically presented as large cavitations within the intermediate zone of cartilage resulting in elevation of the surface layer. Grade 4 represented a lesion composed of a large area of surface erosion and cartilage effacement. Both the number and size of lesions then were incorporated into this scoring system. To establish the arthropathic index for each articular surface the cumulative group severity score was expressed as a fraction of the maximum group score of 32 (e.g. a grade 4 score from all 8 surfaces of the dogs in each group).
This fraction was converted to percentages to facilitate group comparisons of this index. The incidence or number of articular surfaces with lesions was also determined for each group.
RESULTS
Articular cartilage lesions were detected in each treated group but the incidence of articular surface involvement was highest in the pipemidic acid-treated dogs (Figures 1-4) . The surfaces of the humeral head, distal femur and patella were the most commonly affected. Histologic cartilage alterations not resolvable by gross inspection of the joint were identified in each group including the untreated controls (Table 1 ). However, in the controls these changes consisted of superficial cartilage fissuring which could be associated with mild reversible mechanical trauma or sampling artifact and differed from matrical rarefaction and microcavitations of cartilage found in the treated groups.
The relationship between the experimental arthropathy produced and dosage of oxolinic acid used was reflected in the higher arthropathic indices at 500 mg/kg in comparison to 100 mg/kg with the exception of the distal radius and acetabulum ( Table 2 ). Lesion incidence was also higher in animals receiving 500 mg/kg demonstrating that the exacerbation of the arthropathy was dose-dependent. universally, pipemidic acid-treated dogs had higher arthropathic indices than the high dose oxolinic acid-treated dogs. Thus, even though the nature of the lesion was indistinguishable between the high dose groups, an apparent difference in lesion severity was evident and coincident hemorrhagic synovitis in 2 pipemidic acid treated dogs further supported the results of the arthropathic indices evaluation.
DISCUSSION
The modification of a standard procedure or the innovation of a new technique for drug safety analysis in toxicity studies is merited when unusual drug-induced lesions are encountered. Quantitative experimental arthropathy described herein demonstrated the polyarticular effect of these compounds but did not, in itself, clearly define the degree of articular damage induced. The semiquantitative method outlined in this study compared the severity of toxic effects on articular cartilage of 2 chemically-related compounds and enabled toxicity evaluation to be made by considering lesion severity as well as lesion incidence. The sensitivity and preciseness of the severity scoring system for the arthro-pathic changes predetermines the accuracy of this index and consequently adherence to clearly defined grade categories when using this method is mandatory. By this method, pipemidic acid exhibited a greater toxic manifestation on articular cartilage than oxolinic acid. Other alkyl pyridone carboxylic antibacterial candidates could be compared and eviluated in a similar manner.
